The pathway for D-arabinose metabolism in Escherichia coli B/r has been determined. Evidence is presented to support the following metabolic scheme:
The pentose D-arabinose is metabolized by various microorganisms through different pathways (2, 4, 8) . Although those organisms with a capacity for fermentative metabolism all metabolize D-arabinose via a 2-3 cleavage or by entry into the pentose pathway, the manner through which this is accomplished illustrates the variety of ways in which an energy source may be used without an appreciable increase in the enzymatic complexity of a cell.
With Aerobacter aerogenes, Wood and coworkers (13) have shown that the metabolism of D-arabinose is initiated by a constitutive Lfucose isomerase (EC 5.3.1.3); the product of this reaction, D-ribulose, induces a D-ribulokinase activity which phosphorylates D-ribulose at the fifth position. The D-ribulose-5-phosphate is converted to D-xylulose-5-phosphate by a D-ribulose-5-phosphate-3-epimerase (EC 5.1.3.1), thus allowing it to enter the pentose pathway. This arrangement permits the metabolism of ribitol by this organism through the same kinase and epimerase, because ribitol is oxidized to ribulose which serves as the inducer (2) .
Wild-type Escherichia coli K-12 does not metabolize D-arabinose; however, LeBlanc and Mortlock (9) have recently isolated and characterized mutants of E. coli K-12 which can utilize D-arabinose with the aid of three enzymes of the L-fucose pathway. D-Arabinose is converted to D-ribulose by an L-fucose isomerase, and the D-ribulose is phosphorylated at the first carbon by an L-fuculokinase (EC 1.7.1.51) (8) . The resulting D-ribulose-1-phosphate is cleaved to dihydroxyacetone phosphate plus glycoaldehyde by the L-fuculose-1-phosphate aldolase (EC 4.1.2.17). These authors suggested that the mutation which gave rise to the ability to metabolize D-arabinose involved the alteration of a regulatory element which allowed D-arabinose to act as an inducer of the L-fucose metabolic pathway.
In this laboratory (3) (Fig. la) . The possibility remains, however, that an aldolase exists in E. coli B/r, which differs from the E. coli K-12 aldolase activity in that it has lost its specificity for the L-fuculose-1-phosphate while retaining its specificity for Dribulose-1-phosphate. We tested this possibility by preparing cell-free extracts of E. coli B/r and E. coli K-12 grown in 1% casein hydrolysate media with and without 0.15% D-arabinose or L-fucose. Extracts of these cells were placed in aldolase reaction mixtures but, instead of supplying L-fuculose-1-phosphate as a substrate, we added D-arabinose. With the E. coli K-12 extract, prepared from L-fucose-induced cells, there was aldolase activity due to the conversion of D-arabinose to D-ribulose-1-phosphate by enzymes present in the crude extract. No aldolase activity was observed with the E. coli B/r extracts. This finding eliminates the possibility that E. coli B/r metabolizes D-arabinose via a pathway analogous to that described for E. coli K-12. The following experiments were performed to determine if E. coli B/r metabolizes D-arabinose in a manner similar to that described for A. aerogenes, and, specifically, to determine if the phosphorylated ketosugar intermediate was D-ribulose-5-phosphate. Table 2 presents enzymatic analyses of Darabinose-grown E. coli B/r. These analyses demonstrate the presence of inducible D- arabinose isomerase and D-ribulokinase activities, as well as a constitutive D-ribulose-5-phosphate-3-epimerase activity. First, we used a growth medium containing both D-and L-arabinose. Because the metabolism of L-arabinose is unimpaired in E. coli B/r (Fig. la) , the first phase of growth consists of the utilization of L-arabinose in the medium (8) and would present problems should it copurify with the D-ribulokinase, a strain was constructed to facilitate the purification of the D-ribulokinase. Strain fall was isolated as follows: wild-type E. coli B/r was plated on mineral L-fucose media, and spontaneous fucose-positive derivatives were isolated. All of these had gained the L-fuculose-1-phosphate aldolase activity. One of these strains, faO, was mutagenized with diethyl sulfate, and fucose-negative strains were isolated. These isolates fell into two classes: (i) isomeraseless strains which were also negative for D-arabinose metabolism, and (ii) those which were negative on L-fucose, but remained D-arabinose-positive. Two mutants of the latter class were found. Both of these strains lacked the L-fuculokinase activity, but retained both L-fuculose-1-phosphate aldolase and D-ribulokinase activities. One of them, fall, was used as a source for the D-ribulokinase purification. (15) . The product of the reaction was purified by chromatography on Dowex 1X-8 (formate) as described by Benson (1) . The position of the phosphate moiety on the kinase product (12) was determined by comparing its acid lability with that of a number of commercial hexose phosphates and authentic D-ribulose-5-phosphate (prepared with purified L-ribulokinase) (10) . Results presented in Fig. 2 show that the half-life of the D-ribulokinase product, 44 min, is similar to that of authetic D-ribulose-5-phosphate, 51 min, and is 30 times the reported halflife of 1.4 min for D-ribulose-l-phosphate (8) .
It thus appears that in E. coli B/r a pathway exists for the utilization of D-arabinose which GLU-6P, glucose 6-phosphate, t, not estimated; FRU-6P, fructose 6-phosphate, t% = 36 min; GLU-IP, glucose 1-phosphate, t, = 1.5 min; FRU-1P, fructose 1-phosphate, t,s = 5.5 min; RU-5P, D-ribulose-5-phosphate, t% = 51 min; kinase product, t, = 44 min.
does not involve D-ribulose-1-phosphate as an intermediate. This ability to utilize D-arabinose is a stable character in E. coli B/r, and is retained in strains which have lost the ability to utilize L-fucose through a deficiency in either L-fuculokinase or L-fuculose-1-phosphate aldolase. The simultaneous existence of 2 pathways for the utilization of D-arabinose in strain faO presents an interesting situation in which the evolutionary fitness of the 2 pathways may be tested.
